In three successive years, we visited petting farms (n=132), care farms (n=91), and farmyard campsites (n=84), respectively, and completed a standard questionnaire with the objective of determining the hygienic status of these farms and describing hygiene measures implemented to reduce the risk of transmission of zoonotic agents from the animals to humans. For at least 85 % of the farms, the overall impression of hygiene was recorded as good. However, more attention must be paid to: informing visitors on hygiene and handwashing, provision of handwashing facilities, and a footwear cleaning facility. Examination of samples of freshly voided faeces resulted in the detection of Shiga toxin-producing Escherichia coli O157 and/or Salmonella spp. and/or Campylobacter spp. at almost two-thirds (64 . 9 %) of the petting farms, and around half of the care farms (56 . 0 %) and farmyard campsites (45 . 2 %). These data reinforce the need for control measures for both public and private farms to reduce human exposure to livestock faeces and thus the risk of transmission of zoonotic diseases. Public awareness of the risk associated with handling animals or faecal material should be increased.
INTRODUCTION
Petting farm visits are popular leisure activities and have also become an important feature of education for young children. In The Netherlands, there are about 450 petting zoos with a total number of around 15-20 million visits annually, mainly in family groups but also in pre-arranged school parties. Such visits are highly beneficial to children in helping them to learn about aspects of animal husbandry and farm produce. Close contact with the animals is often encouraged, including the petting and feeding of animals. However, in July 2000, a 17-month-old boy was hospitalized with haemolytic-uraemic syndrome (HUS) caused by infection with a Shiga toxin (Stx)-producing strain of Escherichia coli (STEC) O157 [1] . The infection was associated with a visit to a petting farm 5 days prior to onset of illness. This case together with the results of a subsequent pilot study that showed STEC O157 to be present in two out of 11 other, randomly selected petting farms [1] , highlighted the need to implement control measures to reduce the risk for transmission of STEC O157 and other enteric pathogens at petting farms. Therefore, in 2001 a code of hygienic practices at petting farms in The Netherlands was issued and distributed [2] . This guidance contains information on the pathogens most commonly reported to be present in the farm environment and the steps to be taken to minimize the risk of human infection by providing guidelines on both animal care and management, and farm management. Moreover, a standard information sign with directions for washing hands was created, and made available for petting farms without cost.
During the past decennia, the role of animals in health and social care has significantly increased. Animals are brought in nursing homes and hospitals and more and more farms combine agriculture and care. A care farm is a partnership between a farmer, a care team and people who will benefit from therapy. Currently, there are about 590 care farms in The Netherlands and it is expected that this number will significantly increase. Eight years ago there were only 80 care farms. The combination of agriculture and care not only benefits farmers by providing additional income but also helps the care sector to meet the health and social care needs of our society. The farms organize activities or provide supervised work or training for the mentally or physically handicapped, psychiatric patients, clients being treated for addiction, or elderly people requiring care. Similar to a petting farm, the contact between humans and animals at these care farms is closer and more frequent than at normal farms. However, most of the clients are probably unaware of the risk of zoonoses and are not unduly concerned about hygiene. In addition, some clients may have a reduced immune response and therefore a higher chance of acquiring a zoonosis.
A third type of farm that has become increasingly popular is the farmyard campsite. An increasing number of people spend their holidays in the country because of the quiet environment, to experience farm work, and to have contact with the farm animals. Within the campsite sector, staying at farms comprises about 4 million visitors vs. a total of 21 million at normal campsites in The Netherlands. With 45 000 campsites, farmers own about 15% of the camping market.
Despite all the benefits and pleasures of humananimal contact in the farm settings described above, the risk for disease transmission remains of concern. Infections with enteric bacterial pathogens and parasites pose the highest risk. The objectives of this study were to estimate the hygienic status, describe hygiene measures implemented to reduce the risk of human infection and to determine the prevalence of STEC O157, Salmonella spp., and Campylobacter spp. on petting farms, care farms, and farmyard campsites in The Netherlands.
MATERIALS AND METHODS

Farm visits
During the period from June to November 2002, a total of 132 petting farms throughout The Netherlands were visited, selected randomly from an address file. At each visit, a standard questionnaire regarding the hygienic status of the farms and hygiene facilities present was completed. The questions were directly related to the code of hygienic practices at petting farms in The Netherlands [2] . Samples of freshly voided faeces were collected in paddocks and pens, with a target number of 25 per petting farm. The samples were kept at 4-8 xC during transport to the laboratory and processed within 48 h after collection. The faecal samples were examined for the presence of STEC O157, Salmonella spp. and Campylobacter spp.
During the period from June to November 2003 and 2004, 91 care farms and 84 farmyard campsites located across the country were visited, respectively. The selection of care farms was based on the presence of farm animals ; however, poultry farms were excluded. STEC O157, the bacterium that prompted us to perform these farm studies, has only rarely been isolated from poultry and the chance of transmission to humans via these animals was considered to be minor. The farmyard campsites were selected randomly. Similar to the petting farm study, at each visit, a standardized questionnaire regarding the hygiene facilities and hygienic status of the farms was completed and 10-25 samples of single fresh droppings were collected for bacteriological examination.
The farm manager received prior warning of a visit. In the second half of 2004, petting farms were again visited to inspect the hygienic status, this time, however, without prior notification. The petting farms visited were selected randomly. Sixty-two (50 %) of the 125 farms visited in 2004 had also been visited in 2002. The inspections were carried out using the same standard questionnaire.
Bacteriological examination
STEC O157
For the isolation of STEC O157, samples (25 g) were enriched in modified tryptone soya broth (Oxoid Ltd, Basingstoke, UK) containing novobiocin (20 mg/l) (Sigma Chemical Co., St Louis, MO, USA) (mTSB) for a maximum of 20 h at 41 . 5 xC. Then, the enriched cultures were subjected to the Vitek Immuno Diagnostic Assay System for immunoconcentration of E. coli O157 (VIDAS-ICE ; bioMe´rieux, Lyon, France), before subculture onto sorbitolMacConkey agar (SMAC ; Oxoid) supplemented with cefixime (0 . 05 mg/l) and potassium tellurite (2 . 5 mg/l) (CT-SMAC ; Oxoid) and CHROMagar TM O157 (CHROMagar, Paris, France) supplemented with cefixime (0 . 025 mg/l) and potassium tellurite (1 . 25 mg/l) (½CT-CHROM). The ICE procedure was performed according to the manufacturer's instructions. After incubation at 37 xC for 18-20 h, typical colonies from CT-SMAC were selected and screened for lactose fermentation on Levine's eosin Methylene Blue agar (Oxoid), and the absence of b-glucuronidase and sorbitol fermentation on SMAC containing 4-methylumbelliferyl-b-Dglucuronide (0 . 1 g/l) (Sigma Chemical Co.). Isolates thus selected were tested by latex agglutination with an E. coli O157 latex test kit (Murex Biotech Ltd, Dartford, Kent, UK). Typical colonies from ½CT-CHROM were directly subcultured onto tryptone soya agar (Oxoid) and tested by latex agglutination. Latex agglutinating isolates were confirmed biochemically as E. coli by an API 20E test (bioMe´rieux) and subjected to several real-time PCR assays for further confirmation and characterization (see below). Phage typing (one isolate per farm) was done at the Laboratory for Enteric Pathogens of the Central Public Health Laboratory in London (United Kingdom). The pulsed-field gel electrophoresis (PFGE) technique of contour-clamped homogeneous electric fields (CHEF) was used for genomic typing of the isolates (one isolate per positive sample) [3] . Genomic DNAs were digested in agarose plugs with XbaI (10 U) (Roche Diagnostics, Mannheim, Germany). The resulting fragments were resolved by CHEF-PFGE with a CHEF DR-III apparatus (Bio-Rad Laboratories, Richmond, CA, USA) at a constant voltage of 200 V for 20 h at 13 xC and a linearly ramped pulse time of 2 . 2-54 . 2 s. The fingerprints generated were processed using Bionumerics software (Applied Maths, Kortrijk, Belgium). Isolates were considered 'indistinguishable ' if 100 % of the fragments were identical.
Salmonella spp.
Samples (25 g) were cultured for Salmonella spp. by pre-enrichment at 37 xC in buffered peptone water (Oxoid) for 18 h and selective enrichment in modified semi-solid Rappaport-Vassiliadis (MSRV) agar (Oxoid) at 41 . 5 xC for a maximum of 48 h. After 24 h or 48 h enrichment, a loopful of growth from the outer edge of the zone of migration on the MSRV plate was streaked onto both brilliant green phenol red agar (Oxoid) and mannitol lysine crystal violet brilliant green agar (Oxoid) and incubated at 37 xC for 24 h. Presumptive Salmonella spp. colonies were identified biochemically by an API 20E test. Isolates that yielded typical Salmonella results were subjected to a slide agglutination assay using Salmonella polyvalent O antiserum (Statens Serum Institute, Copenhagen, Denmark). The serovar and phage type of the isolates were determined at the National Institute of Public Health and the Environment (RIVM, Bilthoven, The Netherlands).
Campylobacter spp.
Using a sterile swab, faecal samples were directly streaked onto charcoal cephoperazon deoxycholate agar (CCDA ; Oxoid). The plates were incubated under microaerophilic atmosphere at 37 xC for 48 h. Typical colonies were confirmed to be Campylobacter spp. by examining microscopic cell morphology and latex agglutination (Oxoid). To identify the species of the isolates real-time PCR assays were performed (see below).
Confirmation and characterization of isolates by real-time PCR
Isolates biochemically confirmed to be E. coli O157 were subjected to several real-time PCR assays to determine the presence of stx genes (stx 1 and stx 2 ), the E. coli attaching-and-effacing gene (eae), the enterohaemolysin gene (hlyEHEC), and the rfb (O-antigen-encoding) region of E. coli O157 (rfbO157). Following confirmation by a genus-specific real-time PCR assay, Campylobacter spp. isolates were subjected to real-time PCR assays specific for the species C. jejuni, C. coli, and C. lari.
The oligonucleotide primers and probes were designed using Primer Express software (version 2.0, Applied Biosystems, Foster City, CA, USA) ( Table 1 ). The specificity of the sequences was tested by a blast search in GenBank (BLASTn version 2.2.10, National Centre for Biotechnology Information, Washington, DC). The oligonucleotides were purchased from Eurogentec (Seraing, Belgium). The probes were labelled at the 5k-end with the reporter dye 6-carboxyfluorescein (FAM) and at the 3k-end with the black-hole quencher (BHQ).
For selectivity tests, target and non-target strains were grown onto TSA (overnight at 37 xC) and one loopful of bacterial culture was suspended in 500 ml sterile distilled water for DNA extraction. After centrifugation (5 min, 14 000 g) the pellet was resuspended in 300 ml 6 % (w/v) Chelex 100 (Bio-Rad, Veenendaal, The Netherlands) and incubated for 15-20 min at 56 xC. After heating for 8 min at 100 xC, the suspension was immediately put on ice and centrifuged again (5 min, 14 000 g) and the resulting supernatant was diluted 1 :5 in TE buffer (10 mM Tris, 0 . 1 mM EDTA ; pH 8 . 0) and then used as template in the PCR assay.
Amplification and detection were carried out in a LightCycler Instrument (version 2.0, Roche Diagnostics) and the 20-ml PCR mixture contained 2 . 5 ml of the sample DNA, 500 nM each of the primers, 250 nM of the probe, and the LightCycler TaqMan Master mix kit (Roche Diagnostics). Samples were amplified with an initial denaturation step at 95 xC for 10 min to activate the FastStart Taq DNA polymerase and 40 cycles of denaturation at 95 xC for 10 s and annealing and extension at 60 xC for 15 s. The temperature transition rate was 20 xC per s. Samples positive for the target gene were identified by the instrument at the cycle number where the fluorescence attributable to the target sequences exceeded that measured for background.
Statistical analysis
To calculate whether the results of the petting farms regarding the hygienic status and hygiene facilities were significantly different in 2002 vs. 2004, we performed a x 2 test (P=0 . 05). We analysed whether the bacterial contamination rates found on the farms depended on the hygienic status (the overall impression of hygiene, the cleanliness of the pathways/animal contact areas and of the animals) by a one-way ANOVA (P=0 . 05).
RESULTS
Hygiene inspection
The data collected from the questionnaires are summarized in Table 2 . Some of the results recorded for the petting farms visited in 2002 could not be interpreted unequivocally. Since no conclusions could be drawn from these results, we discarded them. As a result, on some aspects the total number of results is less than 132, i.e. the number of petting farms visited.
The Table 2) .
Zoonotic agents
The results of the bacteriological examination are summarized in Table 3 . was noted that the code was handed out during the visit, raising the percentage of farmyard campsites having the code to 76 %. · For 10 farms it was noted that the standard handwashing sign was handed out during the visit, raising the percentage of petting farms having an information sign to 76 %.
The minimum number of samples collected at a petting farm was two, the maximum 34, the median 22, and on average 18 samples were collected. At care farms, the minimum number was two, the maximum 26, the median 14, and the mean 15 samples. At farmyard campsites these numbers were 3, 25, 12, and 13, respectively.
The percentage of STEC O157-positive samples at the petting farms, care farms, and farmyard campsites that tested positive for STEC O157 varied from 4 % to 60 % (mean 26% and median 20 %), 4-70% (mean 23 % and median 20 %), and 5-44 % (mean 16 % and median 11%), respectively. All isolates carried both the eae and hly EHEC gene, and tested positive with the PCR assay for the rfb (O-antigen-encoding) region of E. coli O157. The percentage of samples positive at Salmonella spp.-positive petting farms varied from 3 % to 50% (mean 12 % and median 7 %) and at care farms from 4 % to 17% (mean 9 % and median 9%). The contamination percentages at the two Salmonella spp.-positive farmyard campsites were 14 % and 71 %. The percentage of positive samples at Campylobacter spp.-positive petting farms, care farms, and farmyard campsites varied from 3 % to 69 % (mean 18% and median 13 %), 4-85% (mean 27 % and median 20 %), and 9-100% (mean 29 % and median 20%), respectively.
After combining the results of the three zoonotic agents, on 85 (64 . 9 %) of the petting farms, 51 (56 . 0 %) of the care farms, and 38 (45 . 2 %) of the farmyard campsites STEC O157 and/or Salmonella spp. and/or Campylobacter spp. were found.
From four faecal samples, collected on two different petting zoos, E. coli O157 strains were isolated biochemically characteristic of human pathogenic STEC O157 (non-sorbitol-fermenting and negative for the enzyme b-D-glucuronidase) which also carried both the eae and hly EHEC gene, but were negative for the stx genes (see Table 3 note). These isolates do not belong to the STEC group and therefore the respective samples and farms were not recorded as STEC O157-positive. The same applies to four faecal samples collected from three different care farms, and one isolate from a farmyard campsite (see Table 3 notes). Furthermore, it is noteworthy that from two out of 20 samples collected on another petting farm biochemically typical E. coli O157 strains (non-sorbitol-fermenting and negative for the enzyme b-D-glucuronidase) were isolated that appeared to be negative for all four virulence genes (stx 1 , stx 2 , eae, hly EHEC ) (result not included in Table 3 ).
Among the 146 E. coli O157 isolates (137 STEC O157 and nine stx-negative E. coli O157 strains) originating from 43 farms, 12 different phage types were identified, specifically phage types 1, 2, 4, 8, 14, 32, 34, 43, 49, 50 , 51, and 54. Isolates from three farms reacted with the typing phages but did not conform to a recognized phage type. PFGE analysis showed 48 different fingerprints. Isolates originating from different farms were of distinct strain types. However, the XbaI restriction pattern generated by one of the two isolates from a certain petting farm could not be distinguished from the one isolate from another petting farm. For 21 of the 25 farms with more than one positive sample it was observed that all isolates from the same farm generated identical XbaI restriction patterns. The remaining four farms harboured 2-4 different STEC O157 subtypes, their fingerprints differing by 3-8 bands.
Among the 59 Salmonella isolates originating from 28 farms, 10 different serovars were identified, specifically S. (di)arizone, S. Brandenburg, S. Dublin, S. Enteritidis, S. Hadar, S. Infantis, S. Livingstone, S. Mbandaka, S. Ohio, and S. Typhimurium. The Campylobacter isolates from 339 (63 . 5%) of the 534 positive samples were subjected to the species-specific PCR assays. C. jejuni was found in 71 . 1% of the samples, C. coli in 21 . 8 %, and C. lari in 0 . 9%. In 4 . 1 % of the samples mixed Campylobacter cultures were found and the isolates from the remaining 2 . 1% of the samples were confirmed as Campylobacter spp. by PCR but gave negative results in the speciesspecific PCR assays.
No statistically significant association was found between the bacterial contamination rates of the farms and hygienic status, with two exceptions. The Salmonella spp. contamination level of the petting farm that scored 'bad ' regarding the overall impression of hygiene was significantly higher than the mean level of both the petting farms that scored ' good ' and those that scored 'moderate '. Second, farmyard campsites with faecally contaminated pathways/animal contact areas appeared to have significantly higher rates of contamination with E. coli O157 than farmyard campsites with pathways/animal contact areas free of faeces.
DISCUSSION
In three successive years, we visited petting farms, care farms, and farmyard campsites, respectively, with the objective of determining the hygienic status of these farms, describing hygiene measures implemented to reduce the risk of human infection and determining the prevalence of zoonotic agents. For at least 85% of the farms visited, the overall impression of hygiene was recorded as good. Only at one petting farm and two care-related farms was the status judged as poor. However, it was suspected that these good results had been biased by the fact that the inspections were done at a pre-arranged visit. To map out the real situation, in 2004 petting farms were subjected to a similar inspection without prior notification. This time, none of the petting farms scored 'bad ', neither on hygienic status nor on the cleanliness of animals that can be contacted by visitors. The importance of the creation of a safe farm environment for both visitors and employees is being underlined by the results of the bacteriological examination : at almost two-thirds (64 . 9%) of the petting farms, and around half of the care farms (56 . 0 %) and farmyard campsites (45 . 2%), STEC O157 and/or Salmonella spp. and/or Campylobacter spp. were detected. At some of the farms positive for STEC O157 the percentage of positive samples ranged from 50 % to as high as 70 %. The farms were visited and sampled only during the period from June to November, when the farms are open to the public ; they are closed during the winter months. It is very likely that the period of sampling has affected the prevalence rates found. Previous farm studies in The Netherlands have shown a peak for the prevalence of STEC O157 in animals during the summer and autumn [4, 5] . It is probable that the same seasonal pattern in shedding can be observed at public farms. This would mean a higher risk of zoonotic transmission during the time of the year the farms are open to the public. As could be expected, the highest isolation rates for STEC O157 were found in cattle and small ruminants. Subtyping of the STEC O157 isolates by PFGE showed that all isolates from one farm belonged to one subtype and there was no overlap between different farms, with a few exceptions. The occurrence of a single strain type at individual farms supports the idea of a common infection source and/or horizontal spread within the animal population of a farm. The potential of the eight E. coli O157 isolates that did not carry stx genes to cause human disease is unclear.
However, non-toxigenic E. coli O157 strains have been associated with sporadic cases and outbreaks of human disease, including HUS in Europe [6, 7] . In addition, loss of stx genes have been documented, both during human infection and during in vitro cultivation [8, 9] .
Salmonella spp. and Campylobacter spp. were found in faecal samples of several animals, with the highest prevalence for Salmonella spp. in poultry and pigs and for Campylobacter spp. in pigs, poultry, cattle and small ruminants. The Salmonella isolates belonged to serotypes commonly found in farm animals [10] . The high prevalence of C. coli found in Campylobacter-positive faecal samples from care farms is due to the high number of porcine isolates, which often belong to this species [10] .
It is known that animals are carrying microorganisms (bacteria, viruses and parasites) and can excrete these microorganisms in milk, urine and faeces, without being ill themselves. This way, the environment of the animal can become contaminated [11] [12] [13] [14] [15] . Visitors and employees who mix with, touch, pet, and cuddle the animals, and also walk in paddocks where contaminated animals are present (or have been present), are at real risk of becoming infected with these microorganisms. Fortunately, most of these microorganisms are not pathogenic to humans. Apart from parasites, the classical bacterial enteropathogens STEC O157, Salmonella spp., and Campylobacter spp. are considered to form the major risk.
For all three pathogens examined, human cases of infection have been reported that resulted from contact of the patients with the faeces of animals that carried the bacteria [16] [17] [18] . In particular for STEC O157, there is growing evidence that exposure to livestock faeces has long been an underestimated route of transmission [19] [20] [21] [22] [23] [24] [25] [26] . In January 1999, an enhanced laboratory-based surveillance of STEC O157 was implemented in The Netherlands [27] . From January 1999 to December 2005, 315 symptomatic cases were diagnosed with STEC O157 infection (annual incidence 0 . 22-0 . 35/100 000 inhabitants), predominantly sporadic infections. Since the summer of 2000, contact with the farm environment was investigated for 31 cases. For nine (29 %) patients the source could be confirmed by indistinguishable PFGE profiles for isolates from patients and animal faecal samples. However, for two cases, a young girl and her mother, the transmission of the pathogen from the animal to the patient was probably not caused by animal contact but by the consumption of raw cow's milk. For another four cases, the farm tested positive for STEC O157, but the animal isolates did not match the isolates from the patients (n=3) or no patient isolate was available for comparison (n=1). In the surveillance questionnaire, of the known risk factors exposure to (faeces from) farm animals was reported most frequent (annually 20-27% of the cases, except in 2004: 12%), although reports of consumption of raw or undercooked beef has increased since 2003 (1999-2002: 16 %, 2003-2005 : 34% or 25 %, including or excluding outbreak cases). These results also highlight the fact that in The Netherlands exposure to livestock faeces is an important transmission route of STEC O157. The risk of human infection of visitors and employees of farms can be reduced significantly, and relatively easily by the implementation of a well-thought-out, well-structured hygiene policy [28] .
Although the overall impression of hygiene at the petting farms visited in 2002 was good, a number of points for improvement became apparent, e.g. informing visitors on hygiene and handwashing, provision of handwashing facilities, a footwear cleaning facility, a specifically designated area where visitors can eat that is strictly separated from the animals, and an isolation ward with distinct clothing and boots. The inspections carried out in 2004, 3 years after the code of hygienic practices had been issued, showed a slight improvement with respect to most of these points of interest, However, the scores for 2002 and 2004 were not significantly different (P=0 . 05), except for the presence of a separate eating area for visitors (Table 2) . Therefore, there is still a need for improvement. A recent Swiss study at petting farms, also concluded the need for better visitors' information on hygiene and a strict separation between picnic areas and animals [29] .
The results obtained for care farms and farmyard campsites were equivalent to those of the petting farms, with provision of handwashing facilities and a footwear cleaning facility coming up as the main points for attention. The code of hygienic practices at petting farms was also present on almost half of the care farms and farmyard campsites, which pleasantly surprised us because it had only been distributed among petting farms. The code must have been downloaded from our website (www.vwa.nl) on the farm managers' own initiative.
Finally, there is a responsibility for visitors and employees themselves. It is important that they are aware of the risk associated with animal contact and know how to reduce the risk. When the farm manager makes every effort to minimize the spread of pathogens possibly present by offering good hygienic farm management and hygiene facilities that further reduce the risk of transfer from animals to humans, it is up to the visitors and employees to follow proper hygiene practices.
In conclusion, the data of this study reinforce the need for control measures for public and private farms to reduce human exposure to livestock faeces and thus the risk of transmission of zoonotic diseases. Although the overall impression of hygiene at the farms enrolled in this study was good, there is still a need for improvement. Public awareness of the risk associated with handling animals or faecal material should be increased. Furthermore, the data plead for a commonly supported quality system based on the code of hygienic practices at petting farms and if possible, secured by a certification system. Although the code is y80 % applicable to care farms, farmyard campsites, and normal animal farms, it is recommended specific codes are introduced for each type of farm. Lastly, we are still continuing work on the risk of zoonoses in human-livestock contact settings and an integrated risk factor analysis potentially could make an important contribution in this area.
